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high saturated fat (prevalent in the Western diet), are regarded as risk factors for brain aging 7 and dementia (Collin et al 2016; Davidson et al., 2013; Park et al., 2013; Uranga et al., 2010) , as 8 well as to higher incidence of Alzheimer's disease (AD) (Julien et al., 2010; Refolo et al., 2000) . 9 Indeed, compelling evidence accumulated over the last two decades have led to the notion that 10 lipid alterations in the brain parenchyma affect the organization of the neuronal membrane, 11 particularly in the structure and functionality of specific microdomains, such as lipid rafts 12 (recently reviewed in Collin et al., 2016) . As lipid composition impact phase separation of 13 membrane domains, it appears evident that age-associated variations in lipid composition 14 would lead to modifications of the physicochemical properties of membranes. This fact 15 provides a mechanistic link for age-related disturbances of lipid raft functionality, particularly in 16 synaptic membranes, neurotransmission, neurotransmitter signalling and transduction, protein 17 clustering, potentially contributing to neuropathological events (Sebastião et al., 2013) . For 18 instance, aged mice hippocampi have decreased density of TrkB, glutamatergic AMPA and 19 NMDA receptors in lipid rafts, as well as decreased density of caveolin-1, a cholesterol binding 20 protein relevant for lipid raft organization (Head et al., 2010 : Martín et al., 2010a . These lead 21 to reallocation of glutamatergic receptors to non-raft domains which favour excitotoxic events 22 (Collin et al., 2016; Liu et al., 2007) . The importance of perturbing lipid rafts or membrane lipid 23 composition in the functionality and modulation of several ionotropic and metabotropic 24 receptors, GABAergic, cholinergic, serotonergic, purinergic, dopaminergic and neurotrophic 25 factor receptors has been well established (reviewed in Sebastião et al., 2013) . Importantly, we 26 have recently found that changes in the lipid composition and biophysical properties of 27 neuronal membrane domains in human brains, particularly the reduction of cholesterol and 28 polyunsaturated fatty acids (PUFA) in lipid rafts, facilitates the clustering and interaction of 29 proteins involved in the amyloidogenic cascade, thereby formation and aggregation of Amyloid 30 β peptides (Díaz et al., 2015a; Fabelo et al., 2014) . (2015) have revealed that the ApoE4 isoform is a critically determinant of 6 phospholipid homeostasis, and that its presence reduces levels of phosphatidylinositol (which 7 are particularly abundant in the inner leaflet of lipid rafts) secondary to increased expression of 8 PIP 2 -degrading enzyme, thereby affecting lipid signalling (Zhu et al., 2015) . In addition, other 9 (epi)genetic mechanisms appear to be involved. Such is the case of age-related changes in DNA 10 methylation in neuronal and glial genomes, which have been reported to be responsible for 11 aging-induced changes in gene expression, including genes involved in brain lipid metabolism 12 (Steegenga et al., 2014) . However, a cause-effect relationship has yet to be demonstrated. trans-methylation using 1 mL of toluene and 2 ml of 1% sulfuric acid (v/v) in methanol for 16h 30 at 50ºC. The resultant fatty acid methyl esters (FAME) and dimethylacetals (DMA) were purified
in thin layer chromatography (TLC), and quantified using a TRACE GC Ultra (Thermo Fisher   1 Scientific, Waltham, MA, USA) gas chromatograph equipped with a flame ionization detector. indicating that these alterations are mostly associated with aging ( Fig. 1C and Table 3 ). This
assumption was confirmed by using partial correlation analyses controlling for gender ( women's lipid rafts, where the only dimethylacetal species detected was 18:0 DMA (Table 2) .
5
Further, in men, DHA levels displayed a negative relationship with 18:1n-9, which was not 6 observed in women. Likewise, sulphatides and cerebrosides exhibited a very significant positive 7 covariation in men that was absent in women ( Fig. 4I ). Despite these bivariate differences, a 8 number of relationships are shared by both sexes. Some of them are physiologically relevant.
9
Such is the case of the negative relationship between 18:1n-9 and 18:0 (Fig. 4D) which has structural impact in transbilayer stability.
In the present study, we demonstrate for the first time that non-pathological aging is 2 accompanied by alterations in the lipid matrix of lipid rafts in the human frontal cortex. These 3 alterations affect both lipid classes and fatty acids. These changes appear to develop gradually 4 as demonstrated when lipid data were plotted against subject age ( Figure 1 and Table 3 ). Thus, 5 there appear to occur a progressive decline in the levels of total n-6 LCPUFA, 18:2n-6, 20:3n-6, 6
22:5n-6, TNL and cholesterol as well as a gradual increase in the levels of 22:5n-3, 22:2n-6, women, but the decline in LCPUFA was only apparent in older women. This is likely due to the 23 age range used in this study (24-85 years), with only two subjects above the age of 80. Alzheimer's disease (Fabelo et al., 2012) . Comparatively, these observations led us to 6 hypothesize that it may be the depletion of n-3 and n-6 PUFA, cholesterol and probably 7 plasmalogens, together with the increase of sulphatides, the features that determine the onset 8 of the neurodegenerative process, at least at the lipid raft level. 20:4n-6) and indexes (total n-3 LCPUFA, UIx and PIx). Further, bivariate relationships using age 31 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
as independent variable are also different between sexes. These differences were further 1 confirmed by using partial correlation analyses controlling for gender ( 7,46 ± 1,09 a 5,63 ± 1,13 ab 6,41 ± 1,36 5,57 ± 1,01 24 : 1 n-9 1,24 ± 0,38 1,13 ± 0,33 1,36 ± 0,61 1,34 ± 0,47 Totals and indexes Saturates 42,50 ± 1,64 46,87 ± 1,22 46,48 ± 3,29 49,55 ± 3,03 n-9 15,88 ± 2,32 14,44 ± 1,48 18,17 ± 2,91 19,44 ± 2,82 n-3 7,81 ± 1,17 6,70 ± 0,86 7,34 ± 1,18 7,49 ± 0,86 n-6 11,56 ± 1,11 a 11,34 ± 1,27 a 9,02 ± 1,50 a 6,86 ± 1,68 b n-3 LCPUFA 7,81 ± 1,17 6,70 ± 0,86 6,79 ± 1,18 5,80 ± 0,86 n-3/n-6 0,68 ± 0,08 0,59 ± 0,13 0,81 ± 0,14 1,09 ± 0,10 18:1/n-3 H 1,88 ± 0,53 2,01 ± 0,07 2,48 ± 1,06 3,12 ± 1,08 Saturates/n-3 5,45 ± 0,38 7,00 ± 1,02 6,34 ± 0,69 6,62 ± 0,83 Saturates /n-9 2,68 ± 0,25 3,25 ± 0,35 2,56 ± 0,29 2,55 ± 0,32 LIPID CLASSES LPC 0,00 ± 0,00 0,00 ± 0,00 0,00 ± 0,00 0,00 ± 0,00 SM 3,52 ± 0,30 4,20 ± 0,50 3,74 ± 0,72 3,80 ± 0,60 PC 9,29 ± 1,04 8,32 ± 0,73 8,03 ± 1,93 8,33 ± 1,44 PS 8,18 ± 1,33 8,93 ± 0,83 7,99 ± 1,70 9,22 ± 0,73 PI 2,98 ± 1,21 3,23 ± 0,35 2, 11 ± 0, 75 3, 60 ± 0, 74 PG 0, 73 ± 0, 42 1, 41 ± 0, 22 1, 37 ± 0, 53 0, 68 ± 1, 52 PE 22, 62 ± 1, 23 21, 17 ± 0, 78 21, 60 ± 1, 54 22, 91 ± 1, 88 M A N U S C R I P T Women S a t u r a t e s U n s a t u r a t e s D M A s n -9 n -3 n -6 n -3 L C P U F A n -3 / n -6 1 8 : 1 n -9 / n -3 H U F A M o n o e n e s P ix U ix s a t / u n s a t s a t u r a t e s / n -3 s a t u r a t e s / n -9 T N L T P L
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Pearson Correlations
Men  Aging alters lipid contents of Lipid rafts from frontal cortex in normal subjects  Alterations involve plasmalogens, polyunsaturates, and total polar/neutral lipids  This "Lipid raft aging" exhibits gender differences  Interaction Aging and gender modify lipid alterations in lipid rafts
